Several recent studies in mCRPC have identified the mechanisms of tumoral growth after the disease becomes unresponsive to standard hormonal therapy. These studies have highlighted the importance of residual intratumoral androgens in maintaining androgen receptor (AR) transcriptional activity in mCRPC [1] . Based on this findings, it has been possible to develop drugs, blocking the key enzyme in the biosynthesis of androgens through the inhibition of cytochrome p450 17 (CYP17) such as Abiraterone Acetate (AA) and drugs which directly target the AR including Enzalutamide (E) and Orteronel. Before this new knowledge, mCRPC treatment benefited from chemotherapy with taxanes. Recently a new taxane, Cabazitaxel (C), was approved in second line setting in association with prednisone. Retrospective analyses have tried to clarify the current role of chemotherapy in mCRPC patients and the right chemotherapy sequence of use of chemotherapy compared to new hormonal agents. Moreover, it would be important to address changes in the endpoints used in clinical trials, based on the stage of disease including the presence tumor-related symptoms, in order to identify the right therapeutic strategy.
Introduction
Prostate cancer is the most common cancer in males [2] and the second leading cause of cancer-related death in the western countries [3] . Although diagnosis is mainly made at an early stage and many patients with prostate cancer may be considered cured after loco-regional approach, a small percentage of them experience disease recurrence and will develop metastases. Hormonal therapy with analogues of luteinizing hormone-releasing hormone (LHRH analogues) and antiandrogens is the initial approach for prostate cancer patients undergoing medical treatment. However, even if hormonal treatment is effective in more than 90% of patients response to treatment is limited over time. Until recently, the lack of response to hormonal manipulation was defined as a resistance stage and used to be considered irreversible. Currently, patients not responding to standard hormonal therapy are defined as castration resistant (CRPC) and new acquisitions on the disease pathology lead to the development of new molecules effective in advanced stage. Prostate cancer growth depends on the ratio of proliferating cells over those dying. Androgens are the main regulators of this process by either stimulating proliferation or inhibiting apoptosis [4] . In fact it is now established that tumor cells are able to proliferate even with testosterone levels below the castration threshold (<50 ng/mL). Despite administration of androgen depleting therapies, activated AR signaling is a common feature in CRPC due to AR gene amplification, gene mutation, increased AR expression or increased androgen biosynthesis in prostate tumor cells. This is supported by the evidence of higher levels of testosterone derivatives in cancer tissue compared to plasma [5] . The androgen-signaling pathway plays an important role in the development and progression of prostate cancer and androgen ablation is a mainstay of therapy for this disease. Abiraterone acetate is the first highly selective, irreversible CYP-17 inhibitor, preventing androgen conversion in testis and adrenal glands and suppressing de novo androgen production in prostate tumor cells. Encouraging results deriving from clinical research are the basis for the development of drugs having the interaction of androgens with androgen receptor as a main target in CRPC. The recent approval of enzalutamide for postdocetaxel mCRPC provides another valuable opportunity for long term patient treatment. Before these results, the golden standard for symptomatic metastatic prostate cancer was represented by chemotherapy. Although there was no evidence of clinical benefit in anticipating docetaxel treatment, the lack of therapeutic alternatives led to anticipate chemotherapy in metastatic patients before the onset of symptoms or other risk factors (anemia, visceral metastases) [6] . The current role of chemotherapy is to be clarified, considering a new treatment opportunity such as cabazitaxel, a new member of the family of taxane that has been shown to increase survival in patients with mCRPC pretreated with docetaxel. Recently published data on AA in chemotherapy naive setting, showed a statistically significant improvement in progression-free survival compared to placebo plus prednisone, and longer overall survival in men with metastatic castration-resistant prostate cancer [7] . Based on these data, it may be useful to start thinking about the right sequential treatment strategy based on the new objectives that should acquire priority at different stages of CRPC.
Second-Line Therapy: New Options
The pivotal trial of docetaxel [8] demonstrated in 2004 for the first time that chemotherapy can increase survival in patients with metastatic prostate cancer and this still represent the standard of care in the first line setting. Until recently there has been no standard treatment after docetaxel failure, even though a few drugs such as mitoxantrone and ketoconazole are administered as a palliative treatment [9] . In the absence of proven benefit in terms of overall survival also docetaxel rechallenge was considered for second line treatment for patients with a good response to the first line chemotherapy. In fact, several retrospective or single arm studies showed a PSA response rate of 38% -48% with an overall survival of up to 16 months [10, 11] . Di Lorenzo et al. performed a small phase II study of docetaxel rechallenge in patients who showed either response or stable disease during first-line docetaxel. Their results were less favorable than previous studies, showing a PSA response rate of 24.5% and an overall survival of 13 months [12] . Several studies have recently been published showing a survival advantage with new drugs for second line treatment of mCRPC.
Abiraterone Acetate
The emerging evidence on the activity of low level testosterone in CRPC have led to the development of AA, an oral drug that has been shown to be active after failure of docetaxel-based chemotherapy. Abiraterone acetate is a potent, irreversible inhibitor of cytochrome P450-17 blocking the enzymatic activity of 17alpha-monooxygenase (CYP17alpha-hydrolase/CYP17, 20 lyase complex), a member of the cytochrome P450 family that catalyzes the 17alpha-hydroxylation of steroid intermediates involved in the synthesis of testosterone. [13] The suppression of testosterone synthesis caused by this agent is achieved at testicular, adrenal gland and tumor cells level. The efficacy and tolerability of AA associated with prednisone have been shown in several phase 1 and phase 2 studies [14, 15] . The dose of 1000 mg daily has been identified and used in the clinical development. The phase 3 pivotal study of AA in combination with prednisone in symptomatic mCRPC patients after docetaxel failure enrolled 1195 patients. The patients treated in the study may have also received two lines of chemotherapy and had an ECOG performance status between 0 and 2. For the first time a second-line agent other than chemoterapy showed a significant improvement in overall survival in mCRPC patients (15.8 vs 11.2 months HR 0.65, 95% CI 0.54 -0.77; p < 0.0001). Moreover, AA showed a benefit in all secondary endpoints: time to PSA progression, PSA response rate, radiographic progression-free survival (rPFS) and objective response rate. Since the major cause of morbidity in this setting is represented by bone metastases, affecting more than 90% mCRPC patients, the bone related endpoints deserve particular emphasis. A clinically significant improvement in pain palliation and a statistically significant improvement in the time to skeletal related events have been recorded with AA treatment [16] . In patients with clinically significant pain at baseline, AA and prednisone had a positive statistically significant impact on palliation (45.0% vs 28.8% p = 0.0005), with a median time to palliation of 5.6 vs 13.7 months. In the overall trial population the median time to occurrence of first skeletal-related event was significantly longer with AA and prednisone compared to prednisone alone (25.0 vs 20.3 months p = 0.0001). In the same study a significant benefit of AA on patient reported outcome, quality of life and fatigue was also demonstrated [17] . The safety profile is another important feature for a drug in this setting. Most common grade 1 -2 adverse events were fatigue, back pain, nausea, constipation an arthralgia, which were very similar to the control arm. Adverse events associated with elevated mineralocorticoid level due to CYP17 blockade (fluid retention, edema, hypokalemia and hypertension) as well as cardiac disorders and liver function test abnormalities were more common in AA group than the control group. These events were mainly grade 1 -2 with grade 3 < 3%.
Cabazitaxel
As already underlined, taxanes are the only chemotherapeutic agents effective in the treatment of symptomatic metastatic prostate cancer. However, their high affinity for the protein substrate of the multidrug resistance (MDR) complex represents a potential limitation [18] . Cabazitaxel is a new taxane registered for the second line treatment of mCRPC with the ability to overcome mechanisms of resistance [19] and to improve survival. In fact, in the TROPIC study, median overall survival was 15.1 months versus 12.7 months. This result corresponds to a 30% relative risk of death reduction (HR 0.70, 95% CI 0.59 -0.83 p < 0.0001) [20] . Patients in the experimental arm had a longer progression-free survival (PFS) compared to control arm (2.8 vs 1.4 months) and the tumor response rate, PSA response , time to tumor progression and time to PSA progression were significantly higher with cabazitaxel compared to mitoxantrone. Quality of life data are similar in the two study arm due to the use of a well recognized palliative agent in the control arm. The safety profile is consistent with taxane agents, being myelosuppression the most relevant hematological side effect. In particular in the pivotal trial, grade ≥ 3 neutropenia occurred in 81% of treated cases, suggesting that treatment with colony stimulating factors may be necessary in patients older than 65 years and with risk factors for febrile neutropenia.
Enzalutamide
Enzalutamide is a new drug with a potent and selective mechanism of action directed against the AR, recognizing the central role of this target in the development of advanced CRPC. Enzalutamide blocks androgen signaling by directly binding the AR and inhibiting either nuclear translocation or coactivator recruitment of the ligand receptor [21] . The pivotal study of E enrolled symptomatic mCRPC patients after docetaxel-based chemotherapy failure and showed an improvement in overall survival (18.4 vs 13.6 months, HR for death in the E group, 0.63; 95% CI, 0.53 to 0.75; p < 0.001) with a manageable safety profile. The pivotal clinical trial PREVAIL in asymptomatic or mildly-symptomatic chemo-naive patients is ongoing. As for AA, the statistically significant benefit in overall survival was observed in all subgroups analyzed (ECOG PS, pain score at baseline, biochemical or radiographic progression at baseline and visceral metastatic disease). The superiority of E over placebo was shown for all secondary endpoints, including PSA response rate (54% vs 2%, p < 0.001), the soft tissue response rate (29% vs 4%, p < 0.001) , FACT-P quality of life (43% vs 18%, p < 0.001), radiographic PFS (8.3 mo vs 2.9, mo HR 0.40), time to first skeletal event (16.7 vs 13.3, HR 0.69) and time to PSA progression (8.3 vs 3.0, months HR 0.25) [22] . In the pivotal study, fatigue was the most common side effect. There was an increased incidence of headache in patients treated with E, and this side effect may be associated with an increased risk of seizures [23] . The effectiveness of all these agents also in terms of improvement of bone related endpoints and quality of life, confirm the importance of inhibiting different pathways underlying tumor growth and progression. We believe that further prospective studies to investigate the right sequence of the various agents available are strongly warranted.
Sequencing: Data and Hypotheses
Until recently, mCRPC patients were considered unresponsive to hormonal therapy. In the era of new drugs the approach to the disease has dramatically changed and the real concern is now focused on drug sequencing and the role of chemotherapy so far considered the standard of care. As a demonstration of this unmet medical need, a few reports have tried to address this issue in an attempt to retrospectively explore the best sequencing: in the first one [24] , the authors presented the results of a retrospective study investigating the activity of docetaxel in mCRPC patients previously treated with AA using biochemical and radiological criteria according to Prostate cancer Working Group 2 (PCWG2). Overall 35 patients who received docetaxel after AA failure were considered for this analysis. All patients had received AA within phase I or II trials at different doses. The authors reported a lower activity of docetaxel post-AA with no responses observed in patients refractory to AA (8 cases). Nine patients (26%) experienced an early disease progression during treatment with docetaxel while a PSA >50% response was documented in 9 cases (26%) and a 30% PSA reduction was observed in 13 cases (37%). The median time to PSA progression was 4.6 months, and median overall survival was 12.5 months. The authors' conclusions were that the sequential use of docetaxel after AA failure may be associated to reduced efficacy. The authors' opinion is that the potential cross resistance may be due to the interaction between taxanes and the AR and to the increased level of intratumoral androgens that would be observed after AA suspension. The lower activity of docetaxel may be explained by the fact that this assessment was made with patients with advanced disease and in the absence of valid therapeutic alternatives, as is the case of the patients included in phase I trials. In this analysis patients still responding to treatment with AA were excluded. Another retrospective analysis performed to evaluate the right drug sequence was carried out by Albiges et al. [25] In this abstract, 38 pts treated with cabazitaxel after AA were analyzed. An average of 4
cycles of C (range 1 -9) were given, 85% of patients received granulocyte-colony stimulating factor prophylaxis from cycle 1, and 15 pts (39%) were receiving cabazitaxel at the time of safety analysis. Out of 38 patients, 16 patients discontinued treatment before completing the full course and 15 of these patients showed disease progression. No major toxicities were noticed. Of 32 patients with PSA data available, 18 (56%) patients had a 50% or greater PSA decline, 5 patients (15%) showed a partial response. Authors concluded that C seems to be active and well tolerated in mCRPC patients refractory to AA. Nevertheless this data do not provide any evidence for cross-resistance between these two agents. Due to heterogeneity of mCRPC patients and considering the role that androgens and AR play on disease progression, we think that early administration of new hormonal therapy could be more useful for the subgroup of patients with a long-lasting response to previous standard hormonal treatments. Conversely, in the presence of poorly differentiated, neuroendocrine and aggressive disease, not to delay the start of chemotherapy would be more appropriate. Visceral metastases are considered an important poor risk factor in mCRPC patients. Recent data regarding treatment with AA in this subgroup of patients were presented during the last ASCO GU meeting. The absolute OS benefit favoring AA was similar in patients with visceral and non-visceral disease. AA has substantial antitumor activity and provides clinical benefit, including statistically significant improvement in objective response, PSA response, and rPFS in post-docetaxel mCRPC patients with visceral disease. The phase 3 study for asymptomatic or midly-symptomatic docetaxel-naive patients showed that AA is also active in this setting. The analysis of patients treated in second line in this randomized study with docetaxel would certainly be more informative. For the same reason, considering the effectiveness of E in postchemotherapy patients, the phase 3 study PREVAIL was designed to test the efficacy of this antiandrogen before docetaxel. The possible mechanism of cross-resistance suggested by the authors highlights the importance of the AR interactions for progression of castration-resistant disease. Therefore, it is currently impossible to identify an optimal sequence of treatment suitable for all mCRPC patients. In our opinion, the physician should optimize the use of different agents on the basis of both the patients and disease characteristics, such as age, comorbidity, life expectancy and concomitant therapies. Finally, a retrospective analysis of the sequence with both AA and E, has been explored. In particular, two analyses presented during the ESMO Meeting 2012 have shown only modest antitumor activity of the AA when used after docetaxel failure and the noncross-resistance between the two agents, [26] suggesting that the decreased response to one of the two agents does not exclude the efficacy of the other one. In conclusion, there is a lack of clinical and preclinical data available to support the choice of a specific sequence of drugs for the treatment of mCRPC. In our opinion, overall PFS should be considered, analyzing the PFS reported with each agent.
New Objectives in the Treatment of CRPC
There is no standard therapy for asymptomatic or mildlysymptomatic mCRPC patients. In fact, the current EAU guidelines recommend the use of second-line hormonal therapy with antiandrogens or glucocorticoids such as prednisone/prednisolone for these patients. Based on this data, the comparator used for the phase 3 COUAA 302 trial with AA plus prednisone in the pre-chemotherapy setting was the low-dose prednisone. Historically composite endpoints were used to evaluate the efficacy in this patient population, the assessment of the PSA response and the clinical impact in terms of palliation of symptoms [27] . The choice of PFS in association with OS in the COUAA 302 study was influenced by the need to have an endpoint also available for an independent committee. The median radiographic PFS was 16.5 months (HR 0.53 p < 0.0001) in the AA plus prednisone arm and 8.3 months in the prednisone arm [28] . Over a median follow up of 22.2 months, OS was improved in the AA plus prednisone arm (median not reached, vs 27.2 months for prednisone alone HR 95% CI: 0.74, p = 0.0017) but did not cross the efficacy boundary. Abiraterone plus prednisone showed superiority over prednisone alone regarding time to initiation of cytotoxic chemotherapy, opiate use for cancer-related pain, PSA progression, and decline in performance status. This data are very important if we consider the stage of the disease, since the extension of both time to chemo-therapy and deterioration of performance status affect the natural history of mCRPC. Based on these results and the growing development of new drugs, we think that the approach to prostate cancer is changing. With these new therapeutical options, we could change the perception of the disease in mCRPC patients, improving quality of life, pain and decreasing the side effects related to cytotoxic chemotherapy. The aim of treatment varies depending on the stage of the disease and, the PSA levels as a marker in the advanced disease seem to have no relevance. Overall survival remains the main goal but in the assessment of individual drug efficacy the PFS still represents a valid surrogate for OS since it can be influenced by the effect of sequential treatments.
